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Title of the Invention: 

Wireless Identity Tracing System (WITS) for tracing animals and food products 
Field and Background of the Invention 

Tracking and tracing the contacts between animals or between food products or 
between animals and food products for the purpose of monitoring the transmission of 
disease. 

Problem that the Invention Solves 

Disease can spread through contact between animals or through contamination of 
food arising from contact between food and animal products. Presently it is not 
possible to maintain a record of the contacts that an individual animal makes with 
other individuals of the same and/or different species. Similarly, it is not possible to 
record the contacts between different food products, which may indicate possible 
sources of contamination between them. An object of this invention is to enable a 
record of contacts to be collected and maintained for individual animals and for 
individual food products. 

In the wild, animals may come into contact with each other at points such as feeding 
or drinking areas, courtship territories or breeding grounds and migration routes. Hie 
contacts may be between animals of the same or different species including domestic 
livestock. Contacts between domestic and wild animals may be important in the 
spread of animal diseases such as the possible transmission of tuberculosis between 
badgers and cows. In the absence of direct observation or video recording, evidence 
of actual contact between the different species is difficult to obtain. 

In modem livestock farming, animals can be moved between several different 
locations during their lifetimes. For example, breeding stock are normally reared on 
specialist livestock farms and then transferred to other farms to complete their 
productive lives. This transfer usually involves an auction market and at least one 
livestock dealer and two or more haulage contractors. At the end of their productive 
lives, the animal may pass through a cull stock market before being transferred to an 
abattoir or renderer. A similar or greater number of traiisfers may be recorded for 
animals reared for prime meat 

In the food industry, food products may pass through several locations before 
reaching their final point of sale. For example, the production of a joint of meat for 
sale in a supermarket will usually involve an abattoir, a butchering venue, a wrapping 
plant, a distribution outlet and a transport vehicle. At some or all of these venues, the 
joint may come into contact with joints or products from other animal carcasses 
and/or other food products. 

What the Invention does 

An object of this invention is to provide a record of the contacts that an individual 
animal has made with other animals of the same or of a different species or with 
individual food items. A further object of this invention is to provide a record of 
contacts made by an individual food item with other food items of the same or of a 
different type or with an animal. 



Essential features of the Invention 
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A description of the behaviour of the WITS devices 

The behaviour of the WITS Animal Product Device and the WITS Facility Device is 
now described using CSP notation- In the following description, N, Nl etc. always 
- denotes the identity of -the device.. The variable ivnl etc. describes the identity , of any 
other device in the vicinity. The events used in the Process Specification below are 
described in Table 1 . 



Table 1. The alphabet of events occurring in the Process Specification 



EVENT 


DESCRIPTION OF THE EVENT 


Receive[n] 


Term used to describe the event whereby a WITS Animal 
Product Device or a WITS Facility Device identifies that it 
has received a wakeup call and a Unique Identifier from 
another collecting device [n] making the transmission. To 
safeguard against fraud, the signal strength of the wakeup 
call will also be recorded using a flag that indicates 
whether the signal exceeds a given strength. If two devices 
were co-located on or in the same animal or food product, 
the transmission received would exceed the expected 
strength by a significant amount. By examining the store, 
these offending devices could be monitored. 


TransmitpST] 


Term used to describe the event whereby a WITS Animal 
Product Device [N] or a WITS Facility Device flST] 
broadcasts its First Unique Identifier. This event occurs in 
response to a Receivefn] event or a TimeToTransmitCN] 
ev^nt. The Transmit[N] «vent always includes a wakeup 
call. Note that each Device [N] can only broadcast its own 
First Uniaue Identifier it does not broadcast the identities 
of any other devices Jnj that it has stored. When the 
Transmit[N] event is in response to a Receive[n] event, the 
device waits for a random period of between 0 and 
MaxWait seconds. The duration of MaxWait is to be 
determined from consideration of the WITS system. The 
TransmitfN] event is an energy expensive operation and 
the WITS system restricts the number of times that the 
transmitter in the WITS Animal Product Device is turned 
on. Thus the WITS Animal Product Device transmits 
infrequently, say once every 5 minutes, and the WITS 
Facility Device transmits frequently, say once every 
second, and uses a stronger signal than the WITS Animal 
Product Device. 


TimeToTransmit[N] 


The TimeToTransmitpSl] event is a function of the WITS 
system clock and small variations in the frequency will 
cause different WITS data collecting devices to actually 
fire at different times. This is the randomisation procedure 
used in Bluetooth. 


WhatlsInRecentStorefn] 


Event that occurs when a WITS Reader is interrogating a 
WITS Animal Product Device {n] or a WITS Facility 
Device Jn|. 


WhatlsInStorern] 


Event that occurs when a WITS Reader is interrogating a 
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WITS Animal Product Device [n] pr a WITS Facility 
Device 


ReadOutR erentSltriiY* rwi 


Term used to describe the event whereby a WITS Animal 
Product Device [N] or WITS Facility Device[N] transmits 
the contents of its Recent Store to a WITS Reader. Note 
that the devices can only transmit the data in their own 
stores. 


ReadOutStore[N] 


Term used to describe the event whereby a WITS Animal 
Product Device [N] or WITS Facility Device[N] transmits 
the contents of its Entire Store to a WITS Reader 


PutInStore[n] " 


This event is an abstraction of the process involved in 
storing the data. The Store may be organised in the form 
of several databases and the WITS data collecting devices 
may use a two step process whereby, for example, the 
devices store data temporarily in a short-term memory 
before moving these data or a selection of the data into a 
more permanent place. 


NotlnStoreJn] 
FoundlnStorefh] 


This event may occur after iu«it a email coar^u ,a„ „ 
j «*i juai ct osimu. scare n or alter a 

more global search of the Store is made. Hie size of the 

search process will be decided after consultation with the 

customer. 

This event occurs if NotlnStoreJiil does not occur 



Process Specification 

^^^^£ tit r the tei ™ Collector refers to a WITS Animal Product Device or to 
a WITS Facility device. Algorithm 1 sets out the process whereby a WITS Animal 
Product Device tN]or a WITS Facility Device [N] broadcasts its First Unique 
Identifier stores the Unique Identities that it receives from other collecting devices 
and downloads its Store or RecentStore to a WITS Reader. 

Algorithm 1: 

CollectortN] =//X{^.((Receivetn] -> (NotlnStoreM^ PutlnStorefn]-* 
Transmit [N] | FoundInStore[n]-> X[N]) | 
TimeToTransmitfN] -»Transmit[N] -»• X[N] ] 

WhatlsInRecentStorefn] -> (X[N] | ReadOutRecentStorefN] -+ XfNl) I 
WhatlsmStorefn] ^(XIN] 1 ReadOutStoretl^ ^ X1K])) 

Algorithm 2 sets out the process for a WITS Reader with identity N to read the store 
of a sheep that it is looking at. 

Algorithm 2: Let the sheep identity be nl, then 
ReadRecentStore[N,Nl] =/zX[N,Nl].( ReadRecentStoretNl]-* □) 

Algorithm 3 sets out the process whereby a WITS Reader can read any sheep store. 
Algorithm 3: 

ReadRecentStoretNJ =/zX[N].(Transmit{N]-^ Receivetnl] -> 

ReadRecentStore[N,nl]-» □) 
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Simulation Model of the WITS system 

The model below describes the process of information exchange between a group of WITS electronic data collecting 
devices within transmission range of each other. The WITS Animal Product Device transmits over a small distance, say 
10 m, which has yet to be folly specified. This WITS Facility Device transmits over a larger distance which has also to be 
folly specified. The model does not describe the process of information exchange between WITS electronic data collecting 
devices and a WITS reader. An appropriate standard data exchange mechanism would be used for this process. 

The collector is defined below and represents either a WITS Animal Product Device or a WITS Facility Device. By 
varying the TransmitPeriod, the time interval between two normal transmission, can be varied. WITS Facility Devices do 
not have a power problem and can have a short transmit period. Again, the memory size can be varied so that WITS 
Facility Devices can be built with plenty of memory. Clock crystals are known to vary with temperature and from one 
device to another. Therefore, the time on the clock in every device will show considerable variation after some time. 

CollectorDevice : = Collector [Deviceldentity [name] , 

Opera tingParameters [ { TransmitPeriod [tp] , MemorySize [mem] }] , 
Components [ {ClockFrequency [f ] } ] , 

PunctionsOnState[{ReceiverProgram[rp] , TransmitterProgram [ tp] } ] , 
State [{DeviceClockTime[dt] , Las transmission [It] , 

NextTransmission[nt] , Opera tionalMode [mode] , ContactsRecord[rec] } ] , 
SimulationState[{CoOrdsOfPosition[{x / y, z}]}]] 

Transmitting Rate is 12.8 KBits/s. 

Minute = 60s 

60 s 

Hz = 1 / s 

1 
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NumberlnFlock = 4 ^ 

4 

NominalFrequency : = 10 4 Hz 

We assume that the clock frequency is accurate to one part in a million. The actual component may have worse accuracy. 
The cheaper the crystal the less accurate the frequency is. We assume a transmit period of 10 minutes. 

Flock = Table [ 

CollectorDevice / . {name » i, £ s* NominalFrequency ( 1 + 1<T 6 (Random [] -0.5) ), 
rec {}, tp lOMinute , mem 10}, {i, 1, NumberlnFlock}] ; 

We assume that all the clocks are synchronised at t= 0. 

We set all the clocks to 0 and set all of them to have last tansmitted at O.The numbers in the NextTransmit are the actual 
time. A ten minute interval will cause the NextTransmit time to be 600s. However, because the clocks do not beat at the 
correct frequency, some run fester and may appear to clock 600s after 599.5 s say. The model records the actual time of the 
transmisson to be 599.5s. In the actual device it would be recorded as 600s. 

InitialiseTime[FlockJ : = Flock = (Flock/, {dt » 0, It 0}) 
InitialiseTime[Flockl ; 
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^ Flock[[l]] 

Collector [Deviceldentity [1] , 
OperatingParameters[{TransmitPeriod[600 s] , MemorySize [10] }] , 

Components [ {clockFrequency [ — - ] } ] , 

• FunctionsOnState [ {ReceiverProgram[rp] , TransiaitterProgram[600 s] } ] r 
State [ {DeviceClockTime [ 0] , LastTransmission[ 0] , 

NextTransmission [nt] , Operat ionalMode [mode] , ContactsRecord [{}]}] , 
SimulationState[{CoOrdsOf Position [{x, y, z}]}]] 

NextScheduledTransmitTime calculates the next time to transmit given that transmit period and the actual time. 

NextScfrieduledTransmitTime [ ClockFrequency [ £J , TransmitPeriod [tp_] , ActualTimeJ : = 
Module[{xl, x2, x3, x4, x5, x6, x7 , x8} f 
xl = Actual Time f ; 
x2 = tp NominalFrequency; 
x3 = Ceiling [xl / x2 ] x2 ; 

£ 1 

CalculateNextTransmitTime decides to set the transmit time to be at least the transmit period more than the next sched- 
uled transmit time 

CalculateNextTransmitTime [ClockFrequency [f_] , TransmitPeriod [tp_] , 

LastTransmission[lt_] , NextScheduledTransmitTime^] : = 

Module [{xl, x2, x3, x4} , 

Nominal Frequency 

xl = tp ; 

f 

x2 = It + xl; 

Max[x2 / s, NextScheduledTransmitTime/ s] s 

1 



SetNextTransmission[Sheep_, ActualTimeJ : = 

Module [{xl, x2, x3 f x4, xla, x2a, x3a, x4a, x5, x6, x7, x8} , 
xl = Position [Sheep, NextTransmission [_] ] ; 
x2 s Position [Sheep, ClockFrequency [_J ] ; 
x3 = Position [Sheep, TransmitPeriod [_] ] ; 
x4 s Position [Sheep, I*astTransmission[_] ] ; 
x2a = Extract [Sheep, x2] [ [1] ] ; 
x3a= Extract [Sheep, x3] [[1]] ; 
x4a = Extract [Sheep, x4] [[1]] ; 

x5 = NextScheduledTransmitTime [x2a, x3a, ActualTime] ; 
x6 = CalculateNextTransmitTime [x2a , x3a, x4a, x5] ; 
Sheep/. NextTransmission [x_J -* NextTransmission [x6] ] 

InitialiseNextTransmission[StartTime_, Flock_] : = 
Module [{xl, s2, s3, s4} , 
Flock = Map[SetNextTransmission[#, StartTime] &, Flock]; 

] 
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XnitialiseNextTransmission[0 s, Flock] 
Now we find the next transmission to execute 

FindNextTrajismissionToExecute[Flock ] : = 
Module [{xl, x2, x3, x4, x5} , 
xl s Position [Flock, NextTransmission[_] ] ; 

x2 = (Extract [Flock, xl] /. NextTransmission[x_] < x / s) ) ; 

x3 = Min[x2]; 

x4 = Position 1x2, x3] 

J; 

FindNextTransmissionToExecute [Flock] 

{1} 

- GenerateTransmission[Sheep_] := - 
Module [ {xl , x2 , x3} , 
xl = Position [Sheep, Deviceldentity[_] ] ; 
x2 = Position [Sheep, NextTransmission[_] ] ; 
x3 = Position [Sheep, CoOrdsOf Position [_]] ; 
xla= Extract [Sheep, xl] [[1, 1] ] ; 
x2a= Extract [Sheep, x2][[l, 1]]; 
x3a = Extract [Sheep, x3] [[1, 1]] ; 
{xla, x2a, x3a}] 
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4» 

GenerateTransmission [Flock [ [ 4 ] ] ] 

{4, 600. s, {x, y f z}} 

The state change required on transmission is quite simple. The contents of the next state are transfered into the location 
used tpstore the last transmission. The time to make the next transmission is set according to the transmit period 

Change S tateOnTran smi s s x on [ Sheep_] : = 
Module [{xl, x2, x3, x4, x5, x6, x7}, 
xl a Position [Sheep, NextTransmission[_] ] ; 
x2 « Position [ Sheep , I*as transmission [_] ] ; 
x6 = Position [Sheep, ClockFrequency [J ] ; 
x7 = Position [Sheep , TransmitPeriod [_] ] ; 
xla a Extract [Sheep, xl] [[1, 1]] ; 
x2a a Extract [Sheep, x2] [ [1, 1] ] ; 
x6a a Extract [Sheep, x6] [ [1, 1] ] ; 
x7a = Extract [Sheep, x7] [[1, 1]] ; 
x3 = (xla /. NextTransmission[x_] » x) ; 

x4 = (Sheep /. LastTransmission [x_J LastTransmission[x3] ) ; 

(NominalFrequency \ 
x3 + x7a 1 ; 
x6a / 

x8 = (x4 /. NextTransmxssxon [x_] » NextTransmission[x5] ) ] 



TransmitPeriod [600 s] 
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Plock[[i]] 

Collector [Devi celdentity [1] , 
OperatingParameters[{TransmitPeriod[600 s] , MemorySize [10] } ] , 
Components [ {ciockFrequency [ 10000 : ] } ] # 

FunctionsOnState[{ReceiverProgram[rp] , TransmitterProgram[600 s] }] , 
State [ {DeviceClockTime [0] , LastTransmissionfO] , 

NextTransmission[600. s] , Opera tionalMode [mode] , Contact sRe cord[ {}]}] , 
SimulationState[{CoOrdsOf Position [{x, y, z}] }]] 

Update the record and state describes what happens when the sheep receives the data. It may need to change the next 
transmission time if it accepts the record. 

UpdateTheRecordAndS tate [ Sheep_ , ReceivedData_] : = 
Module [{xl, x2, x3, x4, X 5, x6} , 
xl = Position [Sheep , ContactsRecord [_J ] ; ~~~ ~ " '"' 

x2 = Posi tion[ Sheep, MemorySize [_] ] ; 
x3 s Position [Sheep, NextTransmission [_] ] ; 
xla = Extract [Sheep, xl] [[1, 1]] 
x2aa Extract [Sheep, x2][[l, 1]] 
x3a = Extract [Sheep, x3] [[1, 1] ] , 

{x5, x4} = ContactRecordUpdate [xla, x2a, x3a, ReceivedData] ; 
x6 = (Sheep /. NextTransmission[x_] x4) ; 
x7 = (x6 /. ContactsRecord [x ] x5) 

] 

We expect ContactRecordUpdate to return with the new transmission time and the new record. These may be the same as 
the old ones in both cases. 

MinTimeSeparation = 600.0 s; 

ContactRecordUpdate [cr_, ms_, nt_, ReceivedData^] : = 
Mddule[{xl, x2, x3, x4, x5, x6, x7, x8, x9, xlO, xll, xl2}, 
x4 = ReceivedData [ [1] ] ; 
ReceivedData [ [ 2 J ] 

Xw S ■ ■ " 

r 

8 

x6 = ReceivedData[ [3] ] ; 

x7 * Select[cr, #[[1]] « x4 &] ; 



x8 = (Map[ #I[ s 21] &, x7]); 



vQ w - ( MinTimeSeparation \ 
x9 = < x5 - #) &, x8] ; 

xlO = Apply [And, x9] ; 

xll = AddToContactRecord[xlO] [cr, ms, ReceivedData, nt] ] 

AddToContactRecord [False] [cr_, ms_, Record^, nt_] : = 
{ ContactsRecord [cr] , NextTransmission[nt] } 
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MaxDelayOfResponse ;= 1.0 

AddToContactRecord [ True] [cr_, ms_, Record_, nfcj : = 
Mbdule[{xl, x2, x3, x4, x5, x6, x7 , xla, x2a, x3a} , 
xla = Record // #[[2, 1]] &; 
xl a (Length [cr] < ms) ; 
x2 [False] := RemoveEn tries [{cr, xla}]; 
x2 [True] := cr; 
x3 a x2[xl] ; 
x4 = Join [ {Record} , x3] / 

Record [[2]] 

x5 =5 — ! ; 

s 

x6 =r x5 + MaxDelayOfResponse (<K5 + Random []) ; 
{ ContactsRecord[x4] , NextTransmission[x6 s] }] 

RemoveEntries [ {cr_, current time_} ] : = 
Module [{xl, x2, x3, x4, x5} , 
xl = Sort[cr] ; 

x2 = Split [xl, (#1[[1]J = #2[[1]]) £]; 
x3 a Select[x2, <I«ength[#] > 2) 6] ; 
x4 = Complement [x2, x3] ; 

*5[{}] (Print ["There are at most 2 rcords Per Sheep"] ; x4) 
x5[x_J /; x# {} : = 

(Map[PruneEntriesOfEachSheep[currenttime] , x3] // Join[x4, #] 
x6 bs x5[x3] ; 

x7 = Flatten [x6, 1] 

] 



PruneEntriesOfEachSheep[CurrentTime_ } [SingleSheepsRecord_] : = 
Mbdule[{xl, x2, x3, x4}, 

xl s Map[#[[2, 1]] &, SingleSheepsRecord] ; 
x2 ss CurrentTime - xl; 
x3 e Partition [x2, 2, 1] ; 

x4 = Map[ #t[111 & , K3l; 



] 



x5 = Position[x4, Min[x4]] // Flatten //#[ [l] ] &; 
x6 = Drop [SingleSheepsRecord, {x5 + l}] 



Clear [BasicXoop] 
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BasicLoop[Flock_] :s 
Module [{xl, x2, x3, x4, x5, x6J , 

xl = FindNextTransmissionToExecut:o[ Flock] ; 
x2 = xl[[l, I]]; 

x3 a GenerateTransmission [Flock [ [x2] ] ] ; 

x4 s Changes tateOnTransmission [Flock [ [x2] ] ] ; 

x5 = Drop[Flock, {x2}] ; 

x6 = Map[UpdateTheRecordAndState[# f x3] &, x5] ; 
Flock = Insert [x6, x4, x2] ] 

BasicLoop [Flock] 

Collector [Deviceldentity [ 2] , 

0peratingParameters[{TransmitPeriod[600 s] , MemorySize [10] } ] , 

Components [ {ciockFrequency [ 1000Q - ] } ] , 

s 

FunctionsOnState [ {ReceiverProgram [rp] , Transmitter Program [600 s] } ] ',' ' 
State [{DeviceClockTimefO] , LastTransmission[600 . s] , 

NextTransmission [ 600 . s] , OperationalMode [mode] , ContactsRecord [{}]}], 
SimulationState[{CoOrdsOf Position [{x r y, z}]}]] 

Changes tateOnTransmission[ Flock [ £4] ] ] 

Collector [Deviceldentity [4 ] , 
OperatingParameters[{TransmitPeriod[600 s] , MemorySize [mem] }] , 
Components [ {ciockFrequency [ 100 ^°* ] } ] f 

FunctionsOnState [ {ReceiverProgram [rp] , TransmitterProgramf 600 s] } ] , 
State [ {DeviceClockTime [ 0] , LastTransmission[600 . s] , 

NextTransmission [600. s], OperationalMode [mode] , ContactsRecord [ { } ] } ] , 
SimulationState [{CoOrdsOf Position [{x, y, z}]}]] 

torn = Initial! seNextTransmission [Flock] 
Flock = InitialiseTime [Flock] ; 
Receiver Prog [2 +2] 

Receiver Prog [4] 
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An Example of the Ouput from the Simulation Model of the WITS system 

Number InFlock = 10 

10 

Nominal Frequency : a 10 4 Hz 
Flock = Tablet 

CollectorDevice /. {name i, f NominalFrequency ( 1 + 10" 6 (Random [] - 0.5) ) , 
rec {}, tp » 10 Minute , mem » 20} , {i, 1, Number InFlock} ] ; 

Initial! seTime [Flock] ; 

InitialiseNextTransmissiontO s, Flock] 

Flock[ [1]] 

Collector [Deviceldentityfl] , 
OperatingParameters[{TransmitPeriod[600 s] , MemorySize [20] } ] , 
Components [ {ciockFrequency [ 100 ^ 0 ' ] } ] f 

FunctionsOnStatef {ReceiverProgramfrp] , TransmitterProgram[600 s] }] , 
State [ {Devi ceClockTime [0] , LastTransmissionfO] , 

NextTransmission[600. s] , Opera tionalMode [mode] , Cont acts Record [ {} ] } ] , 
SimulationState[{CoOrdsOf Position [{x f y, z}]}]] 

? BasicLoop 

Global * BasicLoop 

BasicLoop [Flock_] : = Module[{xl, x2, x3, x4, x5, x6), xl = FindHextTransmissionToExecute[ Flock] ; 
x2 ^ xl El, 15 ; x3 = GenerateTransmission[Flock|[x2B ] ; x4 = ChangeStateOnTransmission [ Flock |[x2Jj J ; 
x5 = Drop [Flock, {x2}];x6= (UpdateTheRecordAndState[#l, x3] &) /@x5; Flock = Insert [x6, x4, x2]] 

Table [BasicLoop [Flock] , {i, 1, 100}] //Last 

{Collector[DeviceIdentity[l] , 

OperatingParameters({TransmitPeriod[600 s] , MemorySize[20] } ] , 
Components [ {ciockFrequency [ -i— — ] } ] , 

FunctionsOnState[{ReceiverProgram[rp] , TransmitterProgram[600 s] }] , 

State [{DeviceClockTime[0], Las tTransmiss ion [1821 . 75 s] , 
NextTransmission [24J23 . 51 s] , Opera tionalMode [mode] , 
ContactsRecord[{{7 r 2422.84 s, {x, y, z}}, {2, 601.455s, {x, y, z}}, 

{2, 1813.53s, {x, y, z}}, {3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, 
{4, 600.909s, {x, y, z}}, {4, 2420.36s, {x, y, z}}, {6, 606.258 s, {x, y, z}}, 
{6, 2420.99s, {x, y, z}}, {7, 602.822 s, {x, y, z}}, {7, 1815.36s, {x, y, z}}, 
{9, 602.253s, {x, y, z}}, {9, 1815.92s, {x, y, z}}, {10, 607.326s, {x, y, z}}, 
{10, 1818.15s, {x, y, z}}, {5, 603.432s, {x, y, z}}, {5, 2422.26s, {x, y, z}}, 
{8, 604.122s, {x, y, z}}, {8, 2421.55s, {x, y, z}}}]}], 

SimulationState[{CoOrdsOf Position [ {x, y, z}] }]], Collector [ 

Deviceldentity[2] , 

OperatingParameters[ { Transmit Period [ 600 s] , MemorySize [20] } ] , 
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Components [ {ciockFrequency [ 1000 °- ] } ] , 

FunctionsOnState [ [ReceiverProgramtrp] , TransmitterProgram[600 s] }] , 

"oo^on^M^f ^f 01 ' LastTran ^-ion[1821.1 s] , NextTransmission[2423.38 s] , 
OperationalMode [mode], ContactsRecordf { {7, 2422.84 s, {x y z}} 

<l' III £1 ' X ' y ' Z}) ' U ' 600 ' 909s ' <*' * 2}}' {4. 2420.36s, {x, y, z}}, 
\n fSf: 2 ;:"' X ' y ' 2}> ' {6 ' 2420 - 99s ' <*• V' (7. 602.822s, [x J z 

1 <*' y ' «»' < 9 ' 602.253s, {x, y, z}}, { 9, 1815.92s x y, z 

5 2422 If V' ^ ?; > ', {l0 ' 1818 ' 15S ' ««. y--)K {5, 603.432s, x^y, z }, 
{5, 2422.26s, {x, y, z>>, {8, 604.122s, {x, y, z}}, {8, 2421.55s, {x, y, *}»]>], 
Simulationstate^CoOrdsOf Position [{x, y, z}]}]], Collectorf 
Deviceldentity[3] , 

OperatingParameters [ {Transmit Period [ 600 s] , MemorySize [20] } ] , 
Components [{ CiockFrequency [ 10000 •.] } ] f 

FunctionsOnState [[ReceiverProgramtrp] , TransmitterProgram[600 s] }] , 
State [{DeviceClockTime[0], LastTransmission[1821. 79 s] , " ~~ "' " " 
Next-Transmission t2423. 47 s] , OperationalMode [mode] , 
ContactsRecordf {{7, 2422.84 s, {x, y, z}}, {l, 605.06s, [x, y, z}}, 

tA lll 6 ' a tl S ' y ' Z>} ' {2 ' 601 - 455s ' l*> y> z}}, {2, 1813.53s, [x, y, z}}, 

51' SS; x - y - z !!- {4 ' 2420 - 36s - {x - * *»< ^ 606. 25 8s, {x , J z 

9' 602 2 !' ^ 2 ' I' 602 ' 822S ' < X ' «»' < 7 < 1815.36s, [x, y, zj] 

10 2;i ? a : Xf y ' z} ; { ?; 1815 - 92s - {x ' » «». 607. 32 6s, {x , y , 2) >, 
;i *i! ?;i ' y ' z}} ' {5> 603 - 432s ' ^ y* [ 5 , 2422.26s, { X , y , z}>, 

{8, 604.122s, [x, y, z}}, [8, 2421.55s, [x, y, z}}}]}], 
Simulationstate[[co0rds0f Position [{x, y, z}]}]], collectorf 
Deviceldentity[4] , 

OperatingParameters [{TransmitPeriod[ 600 s] , MemorySize [20] }] , 
Components [ {ciockFrequency [ 10000 '. ] } ] , 

FunctionsOnState [ [ReceiverProgram [rp] , TransmitterProgram[ 600 s] ] ] , 

State [[DeviceClockTime[0], LastTransmission[2422. 82 s] 
Next-Transmission [2424 . 03 s] , OperationalMode [mode] , 
ContactsRecordf {{7, 2422.84 s, [x, y, z}>, [5, 2422.26s, [x, y, z}}, 

2' flf; 0 «' { r' ^ Z> !; {1 / 1816 ' 47s ' z »' <2, 601.455s, [x, y, z}}, 

;r «i ;!o 3 ' ! x ' y ' z}}/ {3/ 600 - s ' {x ' y ' z}} > "".ess, {x, y , Z }}, 

«' f«; !! B ' X ' y ' Z>} ' {5 ' 1814 - 08s ' Cx, y, z}}, {7, 602.822s, {x, y, z}>, 
liJiiT' {X ' y ' Z}} ' {9 ' 602 ' 253s ' * (9, 1815.92s, [x, y, z}}, 

« S '/ X ' Y ' Z}} ' U0 ' 1818 ' 15s - C«. y, z} } , [6, 606.258s, [x, y, .)), 

{6, 2420.99s, [x, y, z}}, [8, 604.122s, [x, y, z}}, [8, 2421.55s, {x, y, 2}}}]}], 
SimulatxonState [ {CoOrdsOf Position! U, y, z} ] } ] ] , collectorf 
Deviceldentity[5] , 

OperatingParameters[{TransmltPeriod[600 s] , MemorySize [20] ]] , 
Components [ {ciockFrequency [- 0000 : ] } ] , 

FunctionsOnState [[ReceiverProgramtrp] , TransmitterProgram[600 s] }] , 

State [{DeviceClockTimetO], LastTransmission[2422 . 26 s] , 
NextTransmission [2423.84s], OperationalMode [mode] , 
ContactsRecordf {(7, 2422.84 s, {x, y, z}}, {8, 2421.55s, (x, y, z}}, 

(2 IIVSU' (X ' y ' Z> !; {X / 1816 ' 47s ' < x ' *> (2, 6°1.455s, [x, y, z}}, 

,n III ill ' *' y ' Z>} ' {3 ' 60 °- S ' U ' y ' Z}} ' {3 ' 1814.66s, [x, y, z}}, 

«' mi S!' X ' Y ' '\\' !!' 1815 * 36S - < X ' » Z »' < 8 ' 604-122S, {x, y, z}}, 
[8, 1817.36s, [x, y, z}}, [9, 602.253s, [x, y, z}}, [9, 1815.92s, {x, y, z}}, 
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{10, 607.326s, {x, y, z}}, {10, 1818.15s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {6, 606.258 s, {x, y, z}}, {6, 2420.99s, {x, y, z}}}]}], 

SimulationStatet {CoOrdsOf Position [ {x, y, z}]}]], Collector[ 

Deviceldentity [6] , 

OperatingParameters [ {Transmit Period [600 s] , MemorySize[20] }] , 

Components [ {ciockFrequency [ 10000 * ] ] ] f 

s 

Func t i onsOnS t at e [ {Receiver Program [rp] , TransmitterProgram[600 s] }] , 

State [{DeviceClockTime[0] , LastTransmission[2420. 99 s] , 
NextTransmission [2423. 62 s], OperationalMode [mode] , 
ContactsRecord[{{7, 2422.84 s, {x, y, z}}, {5, 2422.26s, {x, y, 2}}, 

{1, 605.06s, {x, y, z}}, {1, 1816.47s, {x, y, z}}, {2, 601.455s, {x, y, z}}, 
{2, 1813.53s, {x, y, z}}, {3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, 
{5, 603.432s, {x, y, z}}, {5, 1814.08s, {x, y, z}}, {7, 602.822 s, {x, y, z}}, 
{7, 1815.36s, {x, y, z}}, {9, 602.253s, {x, y, z}}, {9, 1815.92s, {x, y, z}}, 
{10, 607.326s, {x, y, z}}, {10, 1818.15s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {8, 604.122s, {x, y, z}}, {8, 2421.55s, {x, y, z}}}]}], 

SimulationStatet {CoOrdsOf Position [{x, y, z}]}]], Collector[ 

Deviceldentity [7] , 

OperatingParameters! {Transmit Period [600 s] , MemorySize [20] }] , 
Components [ {ciockFrequency [ 100 ^ 00 - ]}] , 

FunctionsOnState[{ReceiverProgram[rp] , TransmitterProgram[600 s] }] , 

State [ {DeviceClockTime[0] , I»astTransmission[2422 . 84 s] , 
NextTransmission [3 02 2. 84 s], OperationalMode [mode] , 
ContactsRecord[{{5, 2422.26s, {x, y, z}}, {8, 2421.55s, {x, y, z}}, 

{1, 605.06s, {x, y, z}}, {1, 1816.47s, {x, y, z}}, {2, 601.455s, {x, y, z}}, 
{2, 1813.53s, {x, y, z}), {3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, 
{5, 603.432s, {x, y, z}}, {5, 1814.08s, {x, y, z}}, {8, 604.122 s, {x, y, z}}, 
{8, 1817.36s, {x, y, z}}, {9, 602.253s, {x, y, z}}, {9, 1815.92s, {x, y, z}}, 
{10, 607.326s, {x, y, z}}, {10, 1818.15s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {6, 606.258 s, {x, y, z}}, {6, 2420.99 s, {x, y, z}}}]}], 

SimulationStatet {CoOrdsOf Position [{x, y, z}]}]], Collector[ 

Deviceldentity [8] , 

OperatingParameters [{ Transmit Period [ 600 s] , MemorySize [20] }] , 

Ur 10000. m 
CiockFrequency [ J ) J , 
s 

FunctionsOnState [ {ReceiverProgram [ rp] , TransmitterProgram [600 s]}], 
State [{DeviceClockTime[0] , LastTransmission[2421 . 55 s] , 
NextTransmission [2424. 04 s] , OperationalMode [mode] , 
ContactsRecord[{{7, 2422.84 s, {x, y, z}}, {5, 2422.26s, {x, y, z}}, 

{1, 605.06s, {x, y, z}}, {1, 1816.47s, {x, y, z}}, {2, 601.455s, {x, y, z}}, 
{2, 1813.53s, {x, y, z}}, {3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, 
{5, 603.432s, {x, y, z}}, {5, 1814.08s, {x, y, z}}, {7, 602.822s, {x, y, z}}, 
{7, 1815.36s, {x, y, z}}, {9, 602.253 s, {x, y, z}}, {9, 1815.92s, {x, y, z}}, 
{10, 607.326s, {x, y, z}}, {10, 1818.15s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {6, 606.258 s, {x, y, z}}, {6, 2420.99s, {x, y, z}}}]}], 
SimulationStatet {CoOrdsOf Position [{x, y, z}]}]], Collector[ 
Deviceldentity [9] , 

OperatingParameters [{ Transmit Period [ 600 s] , MemorySize [20] } ] , 
Components [ {ciockFrequency [ 100 ^ 00 " ]]] , 

FunctionsOnState [ {ReceiverProgram [rp] , TransmitterProgram! 600 s] } ] , 
State [ {Devi ceClockTime [0] , LastTransmission[1821 . 08 s] , 
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NextTransmission [2423 . 82 s] , OperationalMode [mode] , 
ContactsRecord[{{7, 2422.84 s, {x, y, z}}, {1, 605.06s, {x, y, z}}, 

{1, 1816.47s, {x, y, z}}, {2, 601.455s, {x, y, z}}, {2, 1813.53s, {x, y, z}}, 
{3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {6, 606.258s, {x, y, z}}, {6, 2420.99s, {x, y, z}>, 
{7, 602.822s, {x, y, z}}, {7, 1815.36s, {x, y, z}}, {10, 607.326s, {x, y, z}}, 
{10, 1818.15s, {x, y, z}>, {5, 603.432s, {x, y, z}}, {5, 2422.26s, {x, y, z}}, 
{8, 604.122s, {x, y, z}}, {8, 2421.55s, {x, y, z}}}]}], 

SimulationState[{CoOrdsOf Position [{x, y, z}]}]], Collector[ 

Deviceldentity[10] , 

OperatingParameters[{TransmitPeriod[600 s] , MemorySize [20] } ] , 
Components [ {ciockFrequency [ 10 ° 00 ' ■ ] } ] , 

FunctionsOnState[{ReceiverProgram[rp] , TransmitterProgram[600 s] }] , 

State [{ Devi ceClockTime[0] , LastTransmission[1821 . 49 s] , 

NextTransmission [2424 . 12 s] , OperationalMode [mode] , 
.....ContactsRecord[{{7, 2422 . 84.S,. {x, y, z }.}.,. {1, 605..06s, {x, y, *}}, 

{1, 1816.47s, {x, y, z}}, {2, 601.455s, {x, y, z}}, {2, 1813.53s, {x, y, z}}, 
{3, 600. s, {x, y, z}}, {3, 1814.66s, {x, y, z}}, {4, 600.909s, {x, y, z}}, 
{4, 2420.36s, {x, y, z}}, {6, 606.258s, {x, y, z}}, {6, 2420.99s, {x, y, z}}, 
{7, 602.822s, {x, y, z}}, {7, 1815.36s, {x, y, z}}, {9, 602.253s, {x, y, z}}, 
{9, 1815.92s, {x, y, z}}, {5, 603.432s, {x, y, z}}, {5, 2422.26s, {x, y, z}}, 
{8, 604.122s, {x, y, z}}, {8, 2421.55s, {x, y, z}}}]}], 

SimulationState[{CoOrdsOfPosition[{x, y, z}]}]]} 
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